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Introduction
Fetal alcohol spectrum disorder (FASD) describes all the negative outcomes of prenatal alcohol (ethanol, ethyl alcohol) exposure [1] . Thesebirth defects can be structural in nature and often consist of abnormalities across behavioral and/or cognitive domains. FASD symptoms include impaired attention, sociability, learning and memory [2, 3] . People with FASD have trouble with understanding social cues [4] . They also have difficulty initiating and maintaining reciprocal friendships [5] . Furthermore, higher rates of problems with the law, unsuitable sexual behavior, depression and suicide are related to prenatal alcohol exposure [6] . The prevalence of FASD ranges between 2-5% across regions of the world, including the US, Italy and South Africa [7, 8] . For perspective, in the U.S., Autism Spectrum Disorder has an estimated prevalence ranging between 1.4 and 1.5% [9] , indicating that alcohol may be the leading cause of birth defects. Due to its prevalence and the burden it places on individuals, it is critical that the causes of FASD be unearthed.
Animal models have been important in our understanding of the causes of FASD and multiple symptoms of FASD have been examined using zebrafish [10] . For example, growth abnormalities and craniofacial defects have been reported in zebrafish following embryonic alcohol exposure [11] [12] [13] . Defects in learning and memory have been reported in adult zebrafish with embryonic alcohol exposure [12, 14] . Embryonic alcohol exposure in wild-type strains, such as AB and Tubingen (TU) has been shown to impair shoaling [15, 16] , a social grouping forming behavior [17] in adults. While much work in zebrafish has focused on the mechanisms of how ethanol causes structural defects, little is known about the origins of these behavioral defects.
In vivo visualization of neural circuits will help in deciphering the roots of the behavioral defects caused by embryonic alcohol exposure. Recently, transgenic tools such as genetically encode calcium indicators that are useful for monitoring neural activity have been used in young (larval) zebrafish [18] [19] [20] [21] . However, due to normal opacification of skin and subdermal structures as zebrafish age their transparency decreases making similar analyses in adult neurons difficult. White et al. [22] crossed the nacre strain, which completely lacks melanocytes, and the roy strain, that has sparse melanocytes and translucent skin, to extend zebrafish transparency into adulthood. They named their new double mutant casper [22] .
The casper strain was primarily developed for cancer research, but its transparency will make it ideal to understand how embryonic alcohol exposure alters neurocircuitry. Strain-dependent behavioral differences have been reported in zebrafish [23] . Furthermore, to date only one study has examined the behavior of casper zebrafish [24] . Therefore, we decided to examine the effect embryonic alcohol https://doi.org/10.1016/j.bbr.2018.08.004 Received 22 May 2018 ; Received in revised form 7 August 2018; Accepted 7 August 2018 exposure had on social behavior of adult caper zebrafish. We exposed eggs to 1% ethanol to from either 6 to 24 h postfertilization (hpf) or 24-26 hpf.
We found that alcohol induced social defects in both groups of fish. Our results from the group exposed for only 2 h, demonstrate that casper zebrafish are similarly sensitive to ethanol-induced behavioral defects as compared to wild-type fish [24] [25] [26] [27] . Surprisingly, fish exposed for the longer duration, did not produce a more severe deficit.
Methods

Zebrafish (Danio rerio) care and use
All embryos were raised and cared for using established IACUC protocols [28] ; casper zebrafish were exposed to 1% ethanol diluted in embryo medium from either 6 to 24 h postfertilization (hpf) or 24-26 hpf. As our focus in the current paper is on the casper phenotype, we refer to these fish as casper throughout the text for simplicity. Behavioral testing was conducted after sexual maturity at 5 months of age.
Behavioral apparatus
Adult social arenas consisted of a 37-l tank (50 × 25 × 30 cm, L × W × H) with 1.4-l ZT140 Aquaneering tanks placed outside along the width of the tank (See Fig. 1 ). During the trial one of the two tanks held 4 conspecific fish (2 males and 2 females), the stimulus side, while the other tank only contained water. The outer wall of these tanks was coated with white corrugated plastic to be consistent with the experimental tank and to block any other potential cues. White opaque barriers were placed between the 1.4-l tanks and 37-l tank. The experimental tank was illuminated by a 15 W fluorescent light-tube placed directly above it. The back side and bottom of the 37-l tank were coated with white corrugated plastic sheets to increase the contrast, reduce glare and reflections for video-tracking analysis. Two identical arenas were used in parallel. The behaviors of the experimental fish were recorded and analyzed in real-time using Ethovision.
Behavioral test procedure
We placed adult experimental zebrafish into the test tank singly, and 30 s later we started a 20-min long recording session. During the recording session, the subject was first presented with a 10-min habituation period, followed by a 10-min stimulus period during which test subjects could visualize a shoal of zebrafish in an adjacent tank. The side of the tank nearest the shoal alternated randomly across experimental subjects.
Quantification of behavior and statistical analysis
Data were analyzed using SPSS (version 23) for the Mac. We quantified social preference by measuring the distance between the test fish and the side of the tank adjacent to the live shoal (average distance from stimulus in cm).
A mixed model ANOVA was used to investigate the effect of interval (20, 1-min intervals, the repeated measure factor), alcohol treatment (3 conditions; between-subject variable) and their interaction had on the mean distance to the live shoal (Fig. 2) . According to Mauchly's test, the assumption of sphericity for the mean distance from stimulus variable, was violated [χ 2 (189) = 364.25, p < 0.001] so the degrees of freedom were corrected [ε = 0.40] using Greenhouse-Geisser estimates of sphericity.
Since multiple comparison post hoc tests such as Tukey's HSD post hoc are inappropriate for the analysis of a repeated measure, we calculated mean reduction in distance to stimulus. A one-way ANOVA followed by Tukey's HSD post hoc test was used to examine the effect embryonic alcohol exposure had on the average reduction in the distance to stimulus (Fig. 3A) . We also used this measure to determine outliers ( Fig. 3B and C) in our populations.
We used a mixed ANOVA to investigate the effect of zone (10, repeated measure factor), alcohol treatment (3 conditions; between-subject variable) and their interaction on the percentage of time spent across zones during stimulus presentation (Fig. 4A) . Again, sphericity was violated [χ 2 (44) = 874.80 p < 0.001] according to Mauchly's test, and the degrees of freedom were corrected using GreenhouseGeisser estimates of sphericity [ε = 0.16]. We also quantified the amount of time fish spent in the Zone 1, the closest zone to the live shoal. A one-way ANOVA followed by Tukey's HSD post hoc test was used to examine amount of time fish spent in the Zone 1 (Fig. 4B ).
To determine whether alcohol exposure impacted locomotor activity, we examined the time fish spent in various zones during habituation (Fig. 4C) . A mixed ANOVA was used to investigate the effect of zone, alcohol treatment and their interaction on the percentage of time spent across zones. Again, sphericity was violated [χ 2 (44) = 509.78, p < 0.001] and the degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity [ε = 0.28].
We also quantified the amount of time fish spent in the Zone 1, the closest zone to the live shoal, during habituation (Fig. 4D) . A one-way ANOVA was used to determine whether embryonic ethanol exposure altered the amount of fish spent in the Zone 1 during habituation.
We also sought to determine whether alcohol impaired the response to the visual presentation of the stimulus. Therefore, we examined the amount of time (latency) it took test subjects to reach zone closest to the stimulus (Zone 1), upon stimulus presentation via a one-way ANOVA ( 
Results
Data obtained during the complete 20-min behavioral test are displayed in Fig. 2 . During habituation test fish cannot see the shoal and fish from all groups swim back and forth across the length of the tank. This results in an average distance approximating the middle of the tank (Fig. 2) . Once the live shoal is visible fish from all groups rapidly move towards the stimulus. However, the ethanol exposed groups do not move as close to the shoal and fail to maintain proximity (Fig. 2) . We found a statistically significant interaction between interval and alcohol [F(14.96, 209.47) = 2.11, p = 0.01]. The main effect of alcohol treatment was not significant [F(2, 28) = 2.82, p = 0.077]. These findings are consistent with a blunted shoaling response in fish that were exposed to alcohol.
As an additional measure of the shoaling response, we tested if the duration of time spent in zones across the test chamber differed among groups. During habituation the distribution of duration in each zone was similar across groups, with fish spending more time in the zones nearest either end of the tank (Fig. 4C ). We used a mixed ANOVA to analyze this measure. Consistent with the preference for either end of the tank, duration in each zone was significantly different [F(2.48, 77.00) = 2.92, p = 0.05] over the course of the habituation. Important for the current study, there was no main effect of alcohol treatment or an interaction effect of duration and alcohol treatment ([F(2, 31) = 1.14, p = 0.33], [F(4.96, 77.00) = 0.53), p = 0.75], respectively). This suggests that ethanol exposure doesn't disrupt the overall swimming behavior of zebrafish prior to shoal presentation. Additionally, we examined the percentage of time fish spent in Zone 1, the zone closest to the live shoal, during habituation. There was no significant effect ([F(2,31) = 1.04), p = 0.37]) (Fig. 4D) .
To quantify the shoaling response, we subtracted the average distance during stimulus presentation from the average distance during habituation. Embryonic alcohol exposure significantly affects the reduction in distance towards the live shoal [F (2,331) = 6.09, p = 0.006)] (Fig. 3A) . In this analysis, a larger negative value indicates a more robust response to the live shoal. Tukey's HSD post hoc analysis demonstrated that control fish (M = −21.37, S.D. +/−4.29) had a significantly stronger response to the live shoal than fish exposed to 1% alcohol from 6 to 24 h postfertilization (hpf) (M = −11.48, S.D. +/−9.18, p = 0.008) or from 24 to 26 hpf (M = −12.68, S.D. +/−7.44, p = 0.02). The 18 h ethanol treatment had no significant effect on social behavior relative to the 2 h treatment.
Once the shoal becomes present, zebrafish appear to rapidly approach the stimulus (See Figs. 2 and 3) . We characterized the effect of ethanol on this behavior by determining the latency to reach the zone closest to the shoal (Fig. 5) . Here we used a one-way ANOVA to analyze the data. There was no difference in the length of time test fish took to enter Zone 1 following the shoal presentation [F(2, 31) = 1.04, p = 0.37]. These findings suggest that neither the initial response to nor the ability to respond to the shoal was altered by alcohol exposure. Once the shoal is present the duration of time becomes highly skewed to the side of the tank adjacent to the shoal, especially in untreated fish (Fig. 4A) . We used mixed ANOVA to test for differences in these data. As during habituation, duration significantly varied across zones [F(1.45, 44.99) = 124.36, p < 0.001]. The main effect of alcohol treatment was non-significant [F(2,31) = 1.13, p = 0.34], importantly, there was a significant interaction between alcohol treatment and duration [F (2.09, 44.99) = 7.38, p < 0.001]. These data demonstrate that embryonic alcohol exposure alters the percentage of time spent across the zones of the testing arena. We analyzed the zone nearest to the shoal, Zone 1, (Fig. 4B ) to characterize the robustness of the shoaling response. Using a one-way ANOVA we found significant differences in the amount of time fish spent in zone 1 across groups [F(2,31) = 8.99, p = 0.001] (Fig. 5A ). 
Discussion
The aim of this study was of characterize the social behavioral phenotype of adult casper mutant zebrafish, which had been exposed to alcohol early during development. Previous research has demonstrated that embryonic alcohol exposure impairs social behavior in AB, and TU wild-type zebrafish [15, 16] . For example, exposure to 1% ethanol from 24 to 26 h postfertilization (hpf) decreases the shoaling response of AB zebrafish [15, [25] [26] [27] . Our results, from exposing eggs from casper mutant zebrafish to 1% ethanol from 24 to 26 hpf, matched our own findings using the AB strain (Fernandes et al., in revision 2018) as well as work from others [15, [25] [26] [27] .
We define a shoaling response as the decrease in distance of the test subject towards the group of zebrafish and the maintenance of close proximity to the group. When a single zebrafish witnesses a group of other zebrafish, it approaches and remains close to the group [29] regardless of whether the group is made of live fish or computer animations [30] . Our statistical analysis demonstrated that distance from the stimulus varied across treatment groups. Given that shoaling by our definition requires a reduction in distance as well as the maintenance of close proximity to the shoal, are alcohol treated fish not shoaling because they do not approach the shoal or do not stay nearby?
To begin to answer this question first we measured the reduction in distance towards the live shoal upon stimulus presentation. We found the initial response to the stimulus to be unimpaired by alcohol, that is, fish across all groups took approximately the same amount of time to enter the Zone 1, the zone closest to the live fish (Fig. 5) , suggesting that alcohol did not impair either vision or locomotor function. Further supporting that locomotor function is unaffected by alcohol is the finding that during habituation there was no differences between treated and untreated fish in the distance moved. Our finding is consistent with previous results that show that similar alcohol exposure does not impair locomotor function in zebrafish [15, [25] [26] [27] .
Next, we examined the proximity and the maintenance of proximity to the live shoal. Interestingly, even though ethanol-exposed fish spend the most time in zone 1 during stimulus presentation (Fig. 4B) , this amount of time is only approximately half the time control fish spend in the same zone. Surprisingly, we did not find a more severe behavioral deficit in fish that were treated with 1% ethanol from 6 to 24 hpf compared to those treated with 1% from 24 to 26 hpf. The nature of this ethanol-insensitive social response is unknown. Recent unpublished data from our lab, found that an increased concentration of ethanol from 1 to 1.5% between 24 and 26 hpf also did not cause increasingly severe social deficits (Fernandes et al., accepted 2018) . Thus it is possible that 1% ethanol maximally disrupts neural networks associated with social behavior, such as the social behavioral network [31] .
The social behavioral network consists of six reciprocally connected neural areas that are important sites of either activation or regulation of social behavior [32] . The SBN is highly conserved network and has been characterized in other fish [31] . Our results demonstrate that a 1% dose from 24 to 26 hpf, which has been shown to cause behavioral deficits in wild-type zebrafish causes similar deficits in the zebrafish mutant casper. Given the optical transparency of casper we believe that this mutant will help in determining the effect embryonic alcohol exposure has on the neurocircuitry potentially involved in the social behavioral network and thus in social behavior.
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